Stimulation and inhibition of N-methyl-D-aspartate receptors in rats: developing a seizure model.
The objective of this study was to develop an experimental rat hippocampal seizure model based on the stimulatory effects of N-methyl-D-aspartate and to determine the inhibitory effects of MK-801 on N-methyl-D-aspartate-induced seizures. Two separate experiments were performed. In the first experiment chemitrode-implanted rats were injected intracranially with increasing doses (5, 10, 20, and 30 micrograms) of N-methyl-D-aspartate into the hippocampus. Various electrophysiologic and behavioral parameters were examined to determine the dose required to reliably elicit hippocampal seizure activity without having toxic effects on the rats. In the second experiment rats were given an intraperitoneal injection of MK-801 (0.5 or 1 mg/kg), followed 20 minutes later by an intracranial injection of N-methyl-D-aspartate (20 or 30 micrograms). The ability of MK-801 to suppress N-methyl-D-aspartate-induced seizure activity was assessed in this experiment. Intrahippocampal injection of 20 micrograms of N-methyl-D-aspartate produced the shortest electrical seizure latency (193 +/- 72 seconds, p < 0.01). At this dose seizure was achieved in 80% (four of five of the animals, and the highest numbers of electrical seizures per animal were produced (2.2 +/- 0.8, p < 0.05). The group that received 30 micrograms of N-methyl-D-aspartate had a shorter latency, a longer duration of behavioral seizure and a higher number of behavioral seizures (p < 0.05). However, this group suffered a 60% (three of five) mortality rate. The addition of MK-801 significantly decreased the number of seizures per animal and the total seizure duration (p < 0.05). MK-801 also reduced the latency period. Intracranial injection of 20 micrograms of N-methyl-D-aspartate produced reliable hippocampal seizure activity without mortality. MK-801 at a dose of 1 mg/kg injected intraperitoneally had significant inhibitory effects on this seizure model.